SUMMARY '251-labelled human trypsin metabolism has been investigated in man. Three subjects received 1251-trypsin and 1311-albumin intravenously. Against a background secretin infusion (lu/kg/h), trypsin decayed biexponentially from the serum with half-lives of 17.5, 21, and 24 minutes for the rapid disappearance phase and 520, 540, and 560 minutes for the slow phase. Between 130% and 38 % of the 1251 injected was recovered from duodenal juice aspirated continuously over 300 minutes. In contrast, less than 1 % of the '311-albumin injected was recovered. When bile and pure pancreatic juice were collected at endoscopic retrograde cholangiopancreatography after intravenous 12511_ trypsin in a fourth subject 125j radioactivity was found to be secreted v,ia both these routes. After 1251-trypsin infusion into the duodenum 11 % of the total dose was found to be present in the circulation after 75 minutes. These results support the concept that recirculation of trypsin exists in man.
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There is evidence for a recirculation of pancreatic digestive enzymes in rabbits. The magnitude of this recirculation suggests a conservation mechanism for intact proteins.1 2 Approximately 4O`of daily energy expenditure is directed towards protein manufacture.3 Pancreatic enzyme recirculation may therefore represent a method of conserving body energy.
We have previously shown that circulating serum trypsin, an enzyme derived solely from the pancreas, enters the blood stream via the superior mesenteric vein, implying that it originates from intestinal reabsorption.4 In this study evidence is presented that human 1251-trypsin can be absorbed from the gut and, injected intravenously, human trypsin can be recovered in duodenal juice in man. This demonstration affords additional support for the existence of a recirculation of trypsin.
Methods

PATIENTS
Five patients, four males and one female, aged between 21 and 63 years, were studied. All had normal pancreatic function as assessed by trypsin output in duodenal aspirate after stimulation by Received for publication 22 January 1980 cholecystokinin-pancreozymin (CCK-PZ) and secretin.5
Patient 1 had haemochromatosis but a glucose tolerance test was normal. Patient 2 had a hiatus hernia and patient 3, Gilbert's disease. Patients 4 and 5 had obscure abdominal pain.
The studies were approved by the Royal Free Hospital Ethical Practices Committee and informed consent obtained from each patient. TECHNIQUES 1251-labelled human trypsin was a gift from Hoechst Pharmaceutical, UK. It had been isolated from human pancreas according to the method of Temler and Kagi6 and was iodinated using sodium (1261) iodine as described by McConahey and Dixon.7 The specific enzymatic activity of the purified trypsin, 119 Katal/kg, was not altered by radioiodination. Free iodine was removed by gel filtration on Sephadex G100 (Pharmacia, Uppsala, Sweden). The column was equilibrated and eluted with 0-5M phosphate buffer, pH 7.4, and trypsin stabilised by addition of 0.2% human plasma protein fraction.
The specific activity of the radioactive human trypsin was 40 ,uCi/,ug. The labelled protein was immunoprecipitable with specific rabbit anti-trypsin.
Similarly, protein precipitation with equal volumes of trichloroacetic acid (TCA) (20% w/v) yielded 98% of the radioactivity in the precipitate. The purity of the protein preparation was additionally confirmed by polyacrylamide gel electrophoresis.8 The radioactive iodine peak was shown to be confined to trypsin (Fig. 1 Albumin was given as a control macromolecule to assess non-specific protein leakage into the gut. Blood samples were taken at one minute intervals after the injection of the labelled proteins for five minutes, then at five minute intervals for the next 25 minutes, at half hourly intervals up to 300 minutes, and then daily for the next four days. Duodenal juice was aspirated continuously and pooled into 15 minute aliquots for up to 300 minutes. Additional injections of CCK-PZ, 1 unit/kg, were administered at 120 and 240 minutes. Urine and stools were collected over five days.
In patient 4, 1211-trypsin was injected intravenously and both pancreatic juice and bile collected separately at endoscopic retrograde cholangiopancreatography.
1251-trypsin (4-9 ,uCi) was infused into the duodenum in patient 5 and serial blood samples collected from a peripheral vein. "3'albumin (0.12 ,tCi) was injected intravenously to determine plasma volume. After 120 minutes the duodenal contents were washed out with six exchanges (30 ml each) of normal saline. The radioactivity removed with each In patient 4, after endoscopic retrograde cannulation of the pancreatic duct, pancreatic juice was collected into 1 or 2 min aliquots. Radioactivity (85 cpm) appeared in pancreatic juice within five minutes of the intravenous injection of the 1251-labelled trypsin (Fig. 6 ). During the study the cannula was passed into the bile duct. The 1251 activity was greater in the samples of bile than in the pancreatic juice, although the secretion rate of the pancreatic juice (0.5-4.0 mI/min) was similar to that of bile (1 2 
251-TRYPSIN ABSORPTION FROM THE GUT
After the introduction of '251-trypsin (4-9 ,iCi) into the duodenum, significant amounts of radioactivity appeared in the circulation within four minutes and increased to a maximum by 75 minutes (Fig. 7) Of the total 1251 radioactivity in the pooled duodenal juice samples. 66% eluted protein on G25 chromatography and 58% could be precipitated with specific antiserum.
EFFECT OF DUODENAL JUICE ON 1251-TRYPSIN
After the incubation of 1251-trypsin with duodenal juice for up to 30 minutes more than 95% of the label was still precipitable by TCA. The deiodination of labelled trypsin therefore is not due to duodenal juice per se. Fig. 8 1251-trypsin was introduced into the duodenum at the start of the study. The duodenum was then washed out after 120 minutes with six saline exchanges (30 ml) and the radioactivity removed with each, counted. CCK-PZ (lu/kg) was then injected intravenously and three 10 minute collections of duodenal juice pooled. The 125I radioactivity in the duodenal juice samples is shown. 58-4 % of the radioactivity in the pooled samples was immunoprecipitable with specific antiserum.
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